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TSF-09/18 V-Tank Contents Removal 
and Site Remediation 

1. SCOPE AND SUMMARY RESULTS 

• Determine tank and other equipment materials of construction. 

- Type 304L/316 stainless steel can be used up to the boiling point with application of nitrates 
as passivating chemicals. This mainly applies to the Fento process reaction tank. However, 
one or more of the consolidation tanks may be used to receive product and will also be 
protected. Other materials were addressed for various uses. Air sparge/agitation will remove 
significant amounts of volatile organic compounds (VOCs) providing a reduced chloride 
level and subsequent additional assurance of corrosion protection. 

• Determine agitation requirements including power and air sparging. 

- A mixer/agitator was determined; a Chemineer 3GTA-5 is initially specified, 
< 5 horsepower. There is also a sparge ring with 50, 1/8-in. holes to deliver about 50 ft3/min 
(standard) per tank maximum.  

• Determine pumping requirements for re-circulation and V-Tank flushing. 

- A < 10 horsepower, solids handling pump is specified for providing flush pressure of 60 psig 
at 50 gpm and > 100 gpm at recirculation system head loss. It is expected that this pump will 
have enough head and capacity to provide flow to the process and stabilization. 

• Determine the condition of the V-Tanks based on estimates of corrosion. 

- The current state of the V-Tanks is such that there is a possibility of loss of strength at the 
liquid interfaces and the bottoms from stress corrosion and/or pitting. There is potential for 
stress corrosion cracking (SCC) in other stressed areas of the tanks. The risk is that one or 
both of these areas would be failure points upon lifting. However, the lifting method will 
ensure the bottoms are supported. The general corrosion rate is conservatively estimated as 
1.0 mil/yr maximum. 

2. INTRODUCTION 

An accelerated process for destruction and/or removal of hazardous organic compounds from 
V-Tank liquids was previously determined to consist of ozonation plus sonication in recirculating 
flow systems.a However, a Fenton process has become available that will be used in stead. The process 
after receiving the wastes is shown in Figure 1. Note that Figure 1 has a valve for directing water from the 
supernate tank back to the flush system for flushing the V-Tanks. There will be three consolidation tanks 
but only one will be used for supernate collection and V-Tank flushing prior to equalization.b 

                                                      
a. Ashworth, S.C., Ozone Treatment (Oxidation) for Tanks V1, 2, 3, and 9, EDF-4393. 

b. Note that this EDF assumes that tank contents will be equalized prior to treatment. 



431.02 
01/30/2003 
Rev. 11 

ENGINEERING DESIGN FILE EDF-4602
Revision 1

Page 8 of 72
 

 

L

Supernate to V-Tank 
Flush

Offgas

V-Tanks

Plant Air

Consolidation 
Tank

Fenton 
Reactor  

Figure 1. Consolidation Tank System. 

Basically, this engineering design file (EDF) is concerned with the consolidation tanks and 
operations thereof. However, V-Tank liquid removal information is provided to enhance the consolidation 
logic for this EDF. Also, there are potentially important interfaces with the Fenton reactor. The plan is to 
separately remove sludge and supernates from the V-Tanks and consolidate into two, new 8,000 gal tanks. 
One of the consolidation tanks is used to collect supernates while the other will collect most of the 
sludges. The supernate will be used for further flushing/cleanout of the V-Tanks, hence the additional 
3-way valvec shown in Figure 1. After this process, the tanks will be equalized to ensure that their bulk, 
average properties are commensurate. The new tanks need to be corrosion resistant to the worse case 
liquid/vapor and be able to provide suspension to the particles and prevent settling out while providing 
flow for process feed and re-circulation. It is also desired to have the option of an air sparge system for 
the removal via stripping of VOCs.  

3. BACKGROUND 

The four stainless steel tanks collectively known as the “V-Tanks” were installed at the 
Test Area North (TAN) as part of the system designed to collect and treat radioactive liquid 
effluents from TAN operations. The V-Tanks are underground stainless steel tanks associated 
with Operable Unit (OU) 1-10. These four tanks are identified as Tanks V-1, V-2, V-3, and V-9, 
with V-1, V-2, and V-3 identical in shape and size and V-9 having a unique, smaller shape (see 
Figure 2). 
                                                      
c. None of this constitutes title design but illustrates how process might be achieved. 
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Figure 2. V-Tank ISO. 

Tanks V-1, V-2, and V-3 were used for storage, while Tank V-9 was used as a primary separation 
tank to separate sediment and sludge from the liquid waste before transferring that waste to V-1, V-2, 
or V-3. Each of the V-Tanks currently contains a liquid and sludge layer, and all of the V-Tanks lack 
secondary containment. The tops of Tanks V-1, V-2, and V-3 are approximately 10 ft below grade, while 
the top of Tank V-9 is approximately 7 ft below grade. Tank V-9 is within Technical Support Facility 
(TSF) 18, while Tanks V-1, V-2, V-3, are within TSF-09. 

The V-Tanks and associated piping were installed in 1953 and became operational in 1958. The 
tanks were designed to collect and store liquid radioactive waste at TAN. The waste was stored in the 
underground tanks then treated in the evaporator system located in TAN-616. Tanks V-1 and V-3 became 
inactive in the early 1980s. Tank V-2 was taken out of service in 1968 after a large quantity of oil was 
discovered in the tank. The oil was removed in 1981. In 1982, the excess free liquid was removed from 
the V-Tanks. Additional wastewater was reportedly added to Tank V-3 through 1985. Starting in 1985, all 
low-level radioactive waste at TAN was rerouted to the TAN-666 tanks through a piping modification in 
the TAN-1704 valve pit. The piping modification stopped intentional discharge to the V-Tanks in 1985. 
There is no evidence that sludge accumulating in the tanks was removed during or after site operations. 

Tanks V-1, V-2, and V-3 are stainless steel tanks measuring 3 m (10 ft) in diameter, 5.9 m (19.5 ft) 
long, and buried approximately 3 m (10 ft) below ground surface (see Figure 3). The tanks have 50.8-cm 
(20-in.) manholes that are accessible through 1.8-m (6-ft) diameter culverts installed in 1981. Each tank is 
equipped with three subsurface influent lines and one subsurface effluent line. The tanks received 
radioactive wastewater via an influent line from Tank V-9. The remaining influent lines include a caustic 
line used to neutralize the waste prior to transfer to TAN-616 and a return flow line from the TAN-616 
pump room. Tank V-3 has an additional inlet line from the TAN-615 east and west sumps. A single 
effluent line on each tank is routed to the TAN-616 pump room and evaporator system. 

Liquid level measurements, recorded since April 1996, track the fluid levels in V-1, V-2, and V-3. 
Measurements since 1996, and anecdotal information preceding 1996, indicated an increase in the liquid 
level in Tank V-3 during the spring. This tank level stopped increasing in 2001. All lines, valves, and 
drains associated with the TSF-09 tanks are either plugged or identified as inactive; therefore, the increase 
is believed to be from spring snowmelt and runoff entering the tank through the manway above the 
entrance to Tank V-3. Liquid level measurements in Tanks V-1 and V-2 have remained 
relatively constant. 
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Figure 3. Tanks V-1, V-2, V-3, and V-9 (right). 

The volume of liquid and sludge in the V-Tanks has been estimated based on the results of the 
1996 RI/FS sampling. Table 1 summarizes the capacities and current contents (i.e., reflecting liquid level 
increases since the RI/FS) of the four V-Tanks. 

Table 1. V-Tank capacities and current contents (gallons). 

Tank Capacity Liquid Volume Sludge Volume Total Volume 

V-1 10,000 1,164 520 1,684 

V-2 10,000 1,138 458 1,596 

V-3 10,000 7,660 652 8,312 

V-9 400 70 250 320 

Total 30,400 10,032 1,880 11,912 
 

Based on 1980 x-ray diffraction data, the 1993 Track 2 investigation, and the 1996 Remedial 
Investigation/Feasibility Study (RI/FS) sampling results, the major V-Tank constituentsd are shown in 
Table 2.e 

A pre-conceptual design study addressed seven possible alternatives for remediating the V-Tanks 
and treating the contaminants shown in Table 2. A subsequent Technical Evaluation study selected ex situ 
chemical oxidation/reduction/stabilization (ES-CO/R/S) as the preferred remediation technology (prior to 
this work). Subsequently, a conceptual design report, Conceptual Design Report for Ex Situ Chemical 

                                                      
d. The data in Table 2 differ from data in previous V-Tank documents because it reflects recent validation efforts documented 
in EDF-3791. 

e. The concentrations are total concentrations. 
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Oxidation/Reduction and Stabilization of the V-Tanks at Waste Area Group 1, Operable Unit 1-10, 
(INEEL 2003), was written. 

Table 2. V-Tank characterization. 

  
Sludge 
(mg/kg) 

Liquid 
(mg/L)  

Inorganic Components, Cations 
 Al 4.19 0.81 
 Ba 2.36 0.46 
 Be 0.28 0.05 
 Ca 250.26 48.42 
 Cd 0.17 0.03 
 Co 0.44 0.09 
 Cu 0.40 0.08 
 Fe 9.34 1.81 
 Mg 117.97 22.83 
 Mn 6.18 1.20 
 Pb 0.93 0.18 
 Hg 0.26 0.05 
 Ni 2.03 0.39 
 K 874.96 169.30 
 Ag 0.06 0.01 
 Na 1440.58 278.74 
 Tl 0.08 0.02 
 Sn 0.01 0.00 
 V 0.58 0.11 
 Zn 40.73 7.88 

Inorganic Components, Anions 
 Sb 1.15 0.22 
 As 0.08 0.01 
 B 65.27 12.63 
 Br 13.84 2.68 
 Cl 660.76 127.85 
 Cr 0.46 0.09 
 F 60.55 11.72 
 Nitrate 5.13 0.99 
 Nitrite 48.45 9.37 
 Phosphate 29.20 5.65 
 P 7.33 1.42 
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Sludge 
(mg/kg) 

Liquid 
(mg/L)  

 Se 0.08 0.02 
 Si 49.80 9.64 
 Sulfate 122.46 23.70 

VOCs 
 bromomethane 2.47E+01 1.65E-01  
 chloroethane 9.56E+01 3.30E-01  
 chloromethane 1.59E+01 5.66E-02  
 1,2-dichlorobenzene 6.95E+01 2.46E+00  
 1,3-dichlorobenzene 9.68E+01 2.52E+00  
 1,4-dichlorobenzene 1.03E+02 2.52E+00  
 1,1-dichloroethane 2.10E+01 9.69E-02  
 trans-1,2-dichloroethylene 3.52E+01 4.32E-01  
 methylene chloride 9.56E+01 6.05E-01  
 PCE 1.14E+03 3.50E-01  
 1,2,4-trichlorobenzene 9.81E+01 2.52E+00  
 TCA 5.30E+02 8.25E-01  
 TCE 4.61E+03 4.31E+00  
 vinyl chloride 4.71E+01 2.51E-01  

SVOCs 
 Aroclor-1260 1.44E+02 2.53E-01  
 bis(2-ethylhexyl)phthalate 3.71E+03 1.54E-01  
 2,4-dimethylphenol 1.18E+02 2.52E+00  
 4,6-dinitro-2-metylphenol 5.98E+02 4.86E+00  
 di-n-octylphthalate 1.20E+02 2.52E+00  
 2-methylnaphthalene 3.31E+01 2.52E+00  
 2-methylphenol 1.38E+02 2.53E+00 
 4-methylphenol 1.18E+02 2.53E+00 
 naphthalene 9.20E+01 2.52E+00 
 4-nitrophenol 5.98E+02 4.86E+00 
 phenol 1.02E+02 2.52E+00 
 pyrene 1.20E+02 5.87E-01 
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4. MATERIALS OF CONSTRUCTION 

Revision 0 of this EDF focused on determining materials for the consolidation tanks based on using 
them as part of the process system. Since then, the process has changed and the consolidation tanks are no 
longer used directly in the treatment. However, being 304L, as determined in Revision 0, they still need to 
be resistant to chlorides and one or more of them may be used to receive product from the treatment 
process. Also, the treatment tanks are 304L and need to be chloride resistant at the boiling point, 
approximately 95°C. 

4.1 Chloride 

Chloride is present in the V-Tanks, averaging about 100 mg/L (final could be as high as 187 mg/L). 
Chloride could increase as a result of the VOC oxidation if not prestripped. The current stainless steel 
apparently works well at a lower temperature, as the liquid has not leaked out of the V-Tanks. However, 
at temperatures above 60°C (140°F), chlorides are known to cause excessive corrosion especially in 
pitting and stress corrosion cracking (SCC) of stainless steels (mainly austentites) (Davis et al. 1992; 
Uhlig 1985). Figure 4 shows that 304 will pit at 0.02% Cl- at 50°C. The corrosion rate of 316 in a 
marine environment at ambient temperature (as well as many other austentites) is < 0.001 mil/yr 
(Davis et al. 1992). Figure 5 shows that 304/316 will not crack at any chloride if the temperature is less 
than 50°C. One of the other actions that has been done to decrease pitting potential in stainless is to add 
nitrates. Nitrates (e.g., NaNO3) can be added to consolidation tanks or the reaction vessel to elevate the 
NO3

-/Cl-ratio. Previous work has shown that 0.4 M NO3
- provided passivation towards 304L at 1000 ppm 

Cl-. Therefore, NaNO3 will be used to provide passivation. 

 
Figure 4. Pitting corrosion in marine applications. 
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Figure 5. 2304 SCC. 

4.2 pH 

The pH of the process will be adjusted to approximately 3.5. The presence of chlorides would 
normally impact the corrosion of 304L at this pH. However, with the passivating nitrates, little corrosion 
is expected. 

4.3 Oxygen 

Oxygen is generated in the process by the degradation of hydrogen peroxide (H2O2). The 
combination of oxygen and chlorides leads to a corrosive environment for 304L. However, as with pH, 
the passivating nitrates provide a protective film and therefore, corrosion resistance. 

4.4 Chromium 

There is some free chromium in the liquid phase of the V-Tank wastes. Chrome is oxidized under 
the expected ReDox potential. The Cr+6 then oxidizes the Cr+3 in the steel thereby leading to grain 
boundary disruption, i.e.: 

−++ += eCrCr aqaq 363  

6336 ++++ +=+ CrCrCrCr aqaq  
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There is little that can be done against this occurrence with stainless systems. However, stainless 
should be adequate for the short operational duration. 

4.5 Plastics 

Plastics will be used for various items in the system. In general, plastics have excellent resistance 
to most chemicals. They vary in their resistance to radiation. Kynar (PVDF) has good radiation resistance 
to 108 rads (see Table B-2 in Appendix B).f Halar also has good radiation resistance up to 2 × 108 rads.g 
High-density polyethylene (HDPE) is also good at least to 108 radiation-absorbed dose and in fact has 
increased strength and lower leachability as a result of γ-induced cross-linking (Oh 2001). If the amount 
of radiation is based on 1 R/hr, the time it will take to absorb 108 rads is far greater than the project life. 
However, HDPE has poor resistance to ultraviolet radiation and needs a stabilizer if exposed outside for 
extended periods. There is no impact of radiation at the expected levels on stainless steel or any other of 
the metals. Teflon that could be used in some of the miscellaneous materials like pump seals, has a lesser 
radiation resistance (28% loss in strength at 58.3 kGyh equating to almost 107 rad) as found by experiment 
with x-rays during Hubble telescope experiments. 

4.6 Combination 

The only method to determine the effects of a combination of the chemicals and γ radiation is 
testing. Material testing is not practical for this project so it will not be known whether interactive effects 
will occur. However, based on the short operational time frame and the good resistance of the materials 
selected, the short operational duration, and the environmental conditions recommended, the risk of 
failure is minimal. 

4.7 Gas-Phase 

Gas phase can also be corrosive particularly at liquid-gas interfaces. An examination of the 
information available on Kynar indicates that it is also good for gas-phase components including chlorine 
and solvents (little chloride or radiation will be in the gas phase except by splashing). However, gas-phase 
chlorine presents a problem for stainless steel. Small amounts of chlorine could be released during the 
Fenton process. Type 316 had a rate of 31 mil/yr in water saturated chlorine gas. At a pH of 3.5, a fairly 
high chlorine concentration in the gas-phase could occur. However most of these would come from the 
liquid-phase oxidation of VOCs that will be stripped prior to processing. The following reactions occur 
with chlorine systems: 

lg ClCl 22 =  

HOClHClOHCl l +=+ 22  

NaOClNaClHOClHClNaOH +=++2  

                                                      
f. http://nepp.nasa.gov/npsl/Wire/insulation_guide.htm. 

g. http://www.advancedproducts-1.com/Halarc.htm. 

h. http://www.lerc.nasa.gov/WWW/epbranch/other/hstabls.htm. 
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These are solved for in Appendix A-1. The solution indicates that the gas phase chlorine could be 
excessive if the pH is 3.5. However, since the chlorinated VOCs are stripped out, the chlorine is 
insignificant as shown in Appendix A-1. 

4.8 Other Equipment 

The piping to the consolidation tanks from the V-Tanks (i.e., outside the containment used for 
transfer) was selected to be high-density polyethylene (HDPE). HDPE is satisfactory for use with 
chlorides at ambient and elevated temperaturei and has a fair rating for solvents. Chlorides, solvents, and 
radiation are the working solution for the transfer piping. Other materials selection will be on a 
case-by-case basis. 

5. PARTICLE SIZE AND DENSITY 
The particle size distribution (PSD) is required to determine solids suspension equipment, 

e.g., agitators and recirculation pumps. It was determinedj that sizing will be based on the mass mean 
particle diameter (MMPD) as opposed to the largest particle. Data is available from two samples for 
Tank V-9 (DOE-ID 2002) but is sketchy for Tanks V-1, -2, and –3. The data from V-9 ranged from 
30 to > 400 mesh so the largest size was assumed to be 30 mesh (595 µm) and smallest (>400 mesh) was 
considered to be 10 µm. The PSD data for the other tanks was determinedk as 86% < 400 mesh 
(considered to be 10 µm), 11% > 30 mesh (considered to be 595 µm), 30 mesh < 1% < 50 mesh 
(considered to be 297 µm), and the rest between 50 and 400 mesh (considered to be equally distributed at 
0.5% for 37, 74, 149, and 210 µm). The translations are shown in Table 3 for Tank V-9 and Table 4 for 
Tanks V-1, V-2, and V-3. Based on using weighted averages of the tanks, the overall MMPD is 144 µm 
as shown Table 5. 

The density ranges widely for the tanks. For power equipment sizing, the density of particles in 
Tank V-9 was considered worse case. All of the density data from sampling was averaged to arrive at a 
density of 1.46 ± 0.53 kg/L. The 1.46 value is the user or expectation value to be used in calculations. 

Table 3. Tank V-9 mesh to PSD. 

Tank V-9 Screen Mesh Size to Particle Distribution 
Mesh % % % um 

< 30 65.8 70 67.9 595 
< 50 8.4 7.9 8.15 297 
< 70 1.7 1.8 1.75 210 

< 100 3.4 3.5 3.45 149 
< 200 4.4 5 4.7 74 
< 400 3.5 3.1 3.3 37 
> 400 12.7 8.7 10.7 10 

 

  

                                                      
i. http://www.bpsolvaype.com/na/upload/techpub_n21.pdf. 

j. Project meeting on February 12, 2004. 

k. email from Rick Farnsworth, INEEL, February 19, 2004. 

Translation
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Table 4. Tanks V-1, -2, and –3 Mesh to PSD. 
Tanks V-1,-2,-3 Screen Mesh Size to Particle Distribution 

Mesh %  % um 
< 30 11  11 595 
< 50 1  1 297 
< 70  0.5 210 

< 100  0.5 149 
< 200  0.5 74 
< 400 

2 

 0.5 37 
> 400 86  86 10 

 
 

 

  
 

Table 5. V-Tank MMPD determination. 
 mass.kg  
 1378.00 2001.46 1768.68 2512.42 7660.56  
 TankV-9 Tank V-1 Tank V-2 Tank V-3   

Um % % % % wt fr wf*dp 
595 67.9 11 11 11 0.21 126.35 
297 8.15 1 1 1 0.02 6.79 
210 1.75 0.5 0.5 0.5 0.01 1.52 
149 3.45 0.5 0.5 0.5 0.01 1.54 
74 4.7 0.5 0.5 0.5 0.01 0.93 
37 3.3 0.5 0.5 0.5 0.01 0.37 
10 10.7 86 86 86 0.72 7.25 
      1.00 144.74 

 
6. AGITATOR SIZING 

It has been determined that the agitator will be designed based on the MMPD from all of the tanks 
equalized. First, the agitator was scoped using correlations as shown in Appendix A-2. Next, the basic 
information was provided to two vendors, Lightnin and Chemineer, for their final sizing and power 
requirements. The agitator design is integral with tank design so the tank dimensions were estimated. The 
correlations (Harnby et al. 1992) used determined the minimum impeller speed to provide suspension of a 
144 µm particle of density 1.46 kg/L. The viscosity was estimated to be 1.0 centipoise (cP) or 
1.0 centistoke (cS). No viscosity data were available so this estimate is based on the fact that water at 
ambient conditions is 1.0. The elevated temperature will decrease the viscosity but the TSS/TDS will tend 
to increase it. The results of the scoping estimates show that an agitator less than 5 horsepower will be 
sufficient as discussed in Appendix A-2. The vendor provided a recommendation for using the 
Chemineer 3GTA-5, 5-hp unit discussed in Appendix C. The agitator will require additional specification 
to ensure parts exposed to vapor/liquid are corrosion resistant and final adjustment for fitting to the final 
tank specification. This will be provided in the final equipment specification. A sparge ring is also 
included to provide a maximum 50 scfm per tank of air from a 100 psig plant air system. 

Translation



431.02 
01/30/2003 
Rev. 11 

ENGINEERING DESIGN FILE EDF-4602
Revision 1

Page 18 of 72
 

 

7. RECIRCULATION PUMP SIZING 

This task, using previously determined fluidic properties, determined the recirculation pump size. 
The design basis is to match two situations: 50 gpm at 60 psig discharge head pressure, and at least 
100 gpm at the system head loss for recirculation processes. The pump calculations are discussed in 
Appendix A-3 and the vendor information is in Appendix C. The pump is a Goulds Model 3196 with a 
John Crane double mechanical seal designed for abrasive slurries as shown in Appendix C. The power 
requirements are 7.5-10 horsepower per pump, three pumps, one for each tank. The process system, to be 
determined later, has an unknown head loss so this pump may or may not be sufficient for the process. 
The pump requires a small amount of water to feed to the seals to prevent salting and early pump failure 
as shown in Appendix C. 

These pumps, by themselves, will not provide suspension of the MMPD but provide backup to the 
agitators. Suspension of the MMPD via recirculation would require higher flow than the 100 gpm target 
and hence, higher power requirements as discussed in Appendix A-3. One caveat needs to be emphasized 
for this pump; the presence of gravel could severely damage it based on INEEL experience.l However, 
this is not anticipated to be a major problem as the pumps can be easily changed out. It is also desired to 
provide enough flow for the process requirements and stabilization (e.g., grouting). It is anticipated, but 
not known, that the head and flow will be adequate for the process and grouting. 

8. V-TANK CONDITION 

It is difficult to assess for certain what condition the tanks are in. Typical average, general 
corrosion rates are less than 0.1 mil/yr in quiet seawater (Fontana 1986). To be conservative, a general 
rate of 1.0 mil/yr is specified. Some of the potential corrosion mechanisms include galvanic corrosion at 
the air-water interface and pitting, particularly on the tank bottom where particles have settled. The 
air-liquid interface and the bottom are likely the weakest points. The ASM Corrosion Manual 
(Davis et al. 1992) indicates negligible corrosion of the austentites in marine atmospheres and ambient 
conditions. History of buried carbon steel shows 95% of material has insignificant corrosion. For stainless 
steel, history shows insignificant corrosion for soils. Since this soil is dry and not in a known corrosive 
environment, there should be little corrosion on the soil side. The general corrosion outside and inside is 
likely negligible except for sidewall pitting of about 1 mil in depth. However, lifting will likely be 
accomplished by slinging underneath the tanks and will therefore pose little risk to yielding at the weak 
points during the lifts. This analysis is speculative and requires actual tank inspection to determine the 
actual condition. 

The following are the half-cell reactions for the iron in stainless steel: 

Cathode 

−− =++ OHOHOe 22/12 22  

Anode 

−+ += eFeFe 22  

                                                      
l. EDF-4418, “Mockup Test Report for Closure of CPP-603 Basin Water Treatment Vessels,” Draft. 
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The electrons flow through the metal to the interface rich in oxygen and water corroding the anode. 
The loss of metal can thin or weaken the interface. Since it is not known what the original thickness the 
V-Tanks are, it is difficult to assess. However, assuming an original of 1/4 in., a 1 mil/yr rate would result 
in a final thickness of: 

.204.0)19582004(*/14/1 inyryrmilint fin =−−=  

It is believed that this is conservative. Although the oxygen in the air leads to this corrosion, in 
stainless steel it also leads to protection, i.e., the oxide films formed provide a diffusion barrier retarding 
ferrous and other ions from reaching the surfaces. 

9. UNCERTAINTIES AND RISKS 

• The materials selection likely represents the biggest risk. Catastrophic failure of tanks would 
jeopardize the project objectives. However, based on the short operational duration and 
environmental conditions recommended, this risk is expected to be minimal. 

• It is possible, but not highly likely, that the pumps selected will not meet the process needs. In that 
case, the process could provide additional pumping. Also, the presence of large gravel could 
damage the pumps. However, there is no reason to expect the presence of large quantities of gravel 
and spare pumps will be on hand for replacement if this happens. 

• Since the agitation is based on the mmpd and not the largest particles, there will likely be some 
slip. This is not expected to lead to plugging as the suction line of the re-circulation pumps will 
re-accelerate the larger particles. The viscosity was estimated. Therefore, if lower than the estimate, 
suspension will be enhanced by the agitator but less so by the pump. Conversely, if the viscosity is 
higher, the agitator will be less effective but particle suspension will be enhanced by pumping since 
settling is slower. 

• Lastly, the design and selection by this EDF depends on the data provided. If this data is incorrect, 
there are serious risks in many of the areas. 

10. CONCLUSIONS 

The tanks and ancillaries can also be constructed of Type 304L/316 by using nitrates as a 
passivating agent. This is primarily aimed at protecting the Fenton reactor but also protects the 
consolidation tanks if used for product collection. There is still risk with these materials but the short 
operational duration minimizes them.  

Agitators can suspend the mean particle size using less than 5-hp motors. The associated ring 
sparge system does not hinder particle suspension and provides enough mass transfer to strip liquid-phase 
VOCs in very short batch-times (see EDF-4956). 

The re-circulation pumps by themselves may not be able to provide sufficient suspension of the 
mean particle size. However, they can provide backup and additional suspension to the agitators. The 
pumps can also provide 60 psig of discharge head at 50-gpm flow. 
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Appendix A-1 
 

Chlorine Determination 
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Appendix A-1, Chlorine Determination 

Determine pH range and effects of stripping VOCs to keep gas phase chlorine to insignificant 
levels (< 10 ppmv) 

Assumption: All chlorinated hydrocarbons are oxidized in the liquid phase producing chloride 
and chlorine. This estimates is based on worst case, air stripping will remove the chlorine 
producing VOCs.  

Physical - chemical reactions 

Cl2g  = Cl2l 

Cl2l + H2O = H+ + Cl- + HOCl 

HOCl = H+ + OCl- 

The K-values are from Metcalf & Eddy (Tchobanoglous et al, 1991)   

 
K 1 

H Cl ⋅ HOC⋅ 
Cl 2l 

4.5 10 
4 − 

⋅ mol 
2 

L 
2 

 K1 4.5 10 4−
⋅

mol2

L2
:=  

K2
H OCl⋅

HOCl
2.9 10 8−

⋅
mol
L

 K2 2.9 10 8−
⋅

mol
L

:=  

Total chlorine is known 

Cl2_tot Cl2l HOCl+ OCl+  

Let H+ vary as parameter at various pH using pH = 7 as a baseline: 

Hx 10 7− mol
L

:=  pH log
Hx

1
mol
L










−:=  pH 7= OH

10 14− mol2

L2

Hx
:=  

Note, If all chlorinated VOC's 
oxidized in liquid phase  Cl2_tot 2538

mg
L

1

71
gm
mol

⋅:=  Cl2_tot 0.036
mol

L
=  
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Need one more equation: Cl = OCl- + HOCl from reaction equations 

System of equations

Original Elimination  

Hx OCl⋅ K2 HOCl⋅− 0 HOCl
Hx OCl⋅

K2
 

Cl OCl HOCl+  

Hx Cl⋅ HOCl⋅ K1 Cl2l⋅− 0 Cl2l
Hx Cl⋅ HOCl⋅

K1
 

Cl2_tot Cl2l HOCl+ OCl+  
Hx OCl

Hx OCl⋅

K2
+








⋅

Hx OCl⋅

K2
⋅

K1

Hx OCl⋅

K2
+ OCl+ Cl2_tot− 0 

Hx
2 OCl2⋅ K2⋅ Hx

3 OCl2⋅+ Hx OCl⋅ K2⋅ K1⋅+ OCl K2
2

⋅ K1⋅+ Cl2_tot K2
2

⋅ K1⋅− 0 

OCl2
Hx K2⋅ K1⋅ K2

2 K1⋅+

Hx
2 K2⋅ Hx

3
+










OCl⋅+
Cl2_tot− K2

2
⋅ K1⋅

Hx
2 K2⋅ Hx

3
+










+ 0 

a 1:=  b
Hx K2⋅ K1⋅ K2

2 K1⋅+

Hx
2 K2⋅ Hx

3
+

:=  c
Cl2_tot− K2

2
⋅ K1⋅

Hx
2 K2⋅ Hx

3
+

:=  

b 1.305 103
×

mol
L

=  
c 10.487−

mol2

L2
=  
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OCl

b− b2 4 a⋅ c⋅−+

2a
:=  OCl 8.036 10 3−

×
mol
L

=  

HOCl
Hx OCl⋅

K2
:=  HOCl 0.028

mol
L

=  

Cl HOCl OCl+:=  Cl 0.036
mol
L

=  

Cl2l
Hx Cl⋅ HOCl⋅

K1
:=  Cl2l 2.201 10 7−

×
mol
L

=  

Finally, determine the gas-phase chlorine using Henry's Law (Sander 1999):  

kH_Cl2 9.5 10 2−
⋅

mol
L atm⋅

:=  HCl2
1

kH_Cl2
:=  

HCl2 10.526
L atm⋅

mol
=  P 12.5 psi:= P 0.851 atm=  

yCl2g
HCl2 Cl2l⋅

P
:=  yCl2g 2.724 10 6−

×=  

In terms of ppmv: 

yCl2g_ppmv yCl2g 106
⋅:=  yCl2g_ppmv 2.724=

So at pH = 7, there is insignificant gas phase chlorine. Now, provide plots for the pH 
range of 1 to 10. The 2 plots are shown in Figures A-1-1 and A-1-2. The results show 
that pH can decrease to approximately 6.5 before the vapor phase chlorine reaches 
10 ppm. 
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 Figure A-1-1 
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Repeat process assuming VOCs are stripped and only PCB contributes to chlorine. If the hydrogens 
shown in Figure A-1-3 equal the chlorines, HCl is formed, otherwise Cl2 is formed. Assume the 
chlorines exceed the hydrogens by 2 as shown in Figure A-1-4.  

Figure A-1-3 Figure A-1-4

Cl

Cl

Cl
Cl

Cl

 
Cl

Cl

Cl
Cl

Cl

Cl

Cl

2227312 2
7271251 ClOHCOOHClHC ++=•+ MWPCB 12 12⋅ 3+ 7 35.5⋅+( )

gm
mol

:=  

CPCB_tot 0.253
mg
L

1
MWPCB

⋅:=  Cl2_tot CPCB_tot
7
2

⋅:=  pH 3.5:=  

Hx 10 pH− mol
L

:=  

a 1:=  b
Hx K2⋅ K1⋅ K2

2 K1⋅+

Hx
2 K2⋅ Hx

3
+

:=  c
Cl2_tot− K2

2
⋅ K1⋅

Hx
2 K2⋅ Hx

3
+

:=  

b 1.305 10 4−
×

mol
L

=  
c 2.679− 10 14−

×
mol2

L2
=  

OCl
b− b2 4 a⋅ c⋅−+

2a
:=  OCl 2.053 10 10−

×
mol
L

=  

HOCl
Hx OCl⋅

K2
:=  HOCl 2.239 10 6−

×
mol
L

=  
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 Cl HOCl OCl+:= Cl 2.239 10 6−

×
mol
L

=  

Cl2l
Hx Cl⋅ HOCl⋅

K1
:=  Cl2l 3.522 10 12−

×
mol
L

=  

Finally, determine the gas-phase chlorine using Henry's Law (Sander 1999):  

kH_Cl2 9.5 10 2−
⋅

mol
L atm⋅

:=  HCl2
1

kH_Cl2
:=  

HCl2 10.526
L atm⋅

mol
=  P 12.5 psi:= P 0.851 atm=  

y Cl2g
HCl2 Cl2l⋅

P
:=  yCl2g 4.359 10 11−

×=  

In terms of ppmv: 

yCl2g_ppmv yCl2g 106
⋅:=  yCl2g_ppmv 4.359 10 5−

×=  

Therefore, based on pre-stripping the VOCs, the vapor phase chlorine is very small and of no concern.

NOMENCLATURE 
a,b,c  Quadratic constants 
H  Henry's constant 
kH  Inverse Henry's (i.e. solubility) 
K1,2  Equilibrium coefficients 
P  Pressure 
yi  Mole fraction, ppm, gas 

REFERENCES 
 
Sanders, R., Compilation of Henry’s Law Constants for Inorganic and Organic Species 
of Potential Importance in Environmental Chemistry, Version 3, Air Chemistry 
Department Max-Planck Institute of Chemistry, Mainz Germany, April 1999. 
 
Tchobanoglous, G., Burton, F.L., Wastewater Engineering, Treatment, Disposal, and 
Reuse, 3rd ed., McGraw-Hill, 1991. 
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Appendix A-2 
 

Agitator/Sparge Ring Design and Calculations 
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Appendix A-2, Agitator and Sparge Ring Design and Calculations 

Particle Density 

ρ part 1.46
kg
L

:=  Average bulk density from V-9 data 

The largest particle reported is 30 mesh and the estimated average mmpd is 144 µm (see EDF 
body). 

d p 144 10 6− m⋅:=  Note, this is somewhat variable depending on the methods used as 
shwon in the report body. However, changes in some of the 
percentages have little affect on the mmpd. 

Definitions  

Power Number Po
Pow

ρ N3
⋅ Dimp

5
⋅

 

Reynolds Number (mixing) Re
ρ N⋅ Dimp

2
⋅

µ
 

Rev to Rad Rev 2 π⋅ rad⋅:=  

The minimum impeller speed is (Harnby et al 1992): 

NJS

Sm ν
0.1

⋅ dp
0.2

⋅ g
∆ρ

ρ L
⋅








0.45
⋅ χ

0.13
⋅

Dimp
0.85

 

The Sm parameter is system specific and found via various vendor information. Harnby 
has some of these for Chemineer and Lightnin as well as others. The S's and Po's are a 
function of λ/D and Dimp/D. 
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For a Chemineer HE3 (Harnby et al 1992) For the system 

λ

D
1
4
 g 9.8

m

s2
:=  

Dimp
D

1
3
 ρ s ρ part:=

Po 0.25:=  ρ L 1
kg
L

:=  

S m 7.2:=  ∆ρ ρ s ρ L−:=

ν 0.01 stokes:=  (Assumed)  

χ
7348kg

10033 L ρ L⋅
100⋅:=  Solids per solids-free liquid using the characterization data 

(Tyson 2003), a weight ratio needed for the above NJS (Harnby 
et al 1992). 

Dimp is not known until the tank is sized  

The volume excluding the upper, dished head is: 

Vtank 8000gal:=  

Vtank Vbarr Vbot+  

According to Perry's (Perry & Green 1984), a standard head has volume: 

Vbot 0.05D3 1.65 ζ⋅ D2
⋅+  

ζ
3
8

in:=  (Determined at meeting 3/10/04) 
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Try an aspect ratio of barrel height to diameter of 1 (note the hot shop has head space of about 40 ft 
and the entrance door is about 30 ft): 

hbarr
D

1 

Vtank
π

4
D3

⋅ 0.05 D3
⋅ 1.65 ζ⋅ D2

⋅+( )+  

Find D by trial & error 

Dtk 10.84ft:=  Vchk
π

4
Dtk

3
⋅ 0.05 Dtk

3
⋅ 1.65 ζ⋅ Dtk

2
⋅+



+:=  

Vchk 8.005 103
× gal=  

guess hbot formula as: 

hbarr Dtk:=  hbot
Vtank

π Dtk
2

⋅
:=  hbot 2.897ft=  

Dimp
Dtk
3

:=  Dimp 3.613ft=

The clearance (λ/D) is: λbot
Dtk
4

:=  λbot 2.71ft=  

NJS

Sm ν
0.1

⋅ dp
0.2

⋅ g
∆ρ

ρ L
⋅








0.45
⋅ χ

0.13
⋅

Dimp
0.85

:=  NJS 58.645
1

min
=  

*The NJS is the minimum speed to suspend particles 

Po
P

ρ N3
⋅ Dimp

5
⋅

 Pow Po ρ L⋅ NJS
3

⋅ Dimp
5

⋅:=  Pow 0.507hp=  
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At this point the information was provided to the vendor (Chemineer and Lightnin). 
Chemineer provided a design for the system based on this information and is included in 
Appendix C. Also, the electrical is designed to handle up to 5 h.p. so it was decided to use 
this power to suspend higher than the mmpd. 

From the power number: 

P ow_act 5hp:=  Nact 68
Rev
min

:=  (rpm from vendor) 

The torque produced by the shaft/impeller motion is: 

Torq r
→

F
→

× r
→

m×
t
v

→d
d

⋅  v ω r
→
⋅  Torq r

→
F

→
×

v
→

ω
m×

t
v

→d
d

⋅  

T orq
P ow SF⋅

N g c⋅
 gc 9.8

kg m⋅

kgf s2
⋅

:=  

Torq
Pow_act
Nact gc⋅

:=  Torq 386.4 ft lbf⋅=

The force resulting from the torque is: 

Fs 1.5:=  r
Dtk
2

:=  Fr
Pow_act Fs⋅

Nact r⋅
:=  Fr 106.9lbf=

This force will be a reaction with the floor friction and the angle welds. 

Find the total height of the tank (Figure A-2-1) assuming a bottom clearance of 1.5 ft and top 
appurtenances of 3 ft. 

htot 2 hbot⋅ 1.5ft+ 3ft+ hbarr+:= htot 21.134 ft=

A sparge ring will go directly below the agitator impeller as shown below (1/2 distance from 
impeller to tank bottom). This distance is 1/2 the distance between the impeller and the tank 
bottom. 
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Figure A-2-1  

Pres

P3

P2

FE FI

Plant Air

Baffle

Sparge Ring

The orifice discharge pressure is about 8 ft, (8 ft depth of liquid in a tank) 

(Note, MathCad doe not distinguish between gage and actual pressures)  

ρ liq 1.0
kg
L

:=  Pactual ρ liq g⋅ 8⋅ ft:= Pactual 3.468psi=

Pstand 14.7 psi:=  Tair 298K:=  

Set the hole diameter to 1/8" (this also sets the bubble diameter estimate). Treybal (Treybal 
1987) says to orient the holes on the top. However, it has been determined that orientation 
doesn't matter (Oldshue 1983). In fact, hole size or orientation makes little difference in the 
area where the mixer flow pattern prevails, i.e., this is because the impeller controls the 
dispersion and the bubbles produced by the sparge ring are not controlling. Therefore, it 
was decided to orient the holes on the bottom to prevent solids from falling into them and 
plugging once the air is turned off.  

do
1
8

in:=  Dpipe 1in:=

Set n to get Reo turbulent (e.g., > 2000), Treybal says to use 104 but not required 
(Treybal 1987). 
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 n 50:=   

The maximum available air is 192 scfm, specify 150 scfm total, 50 scfm/tank. 

Qair 50
ft3

min

Pstand
Pactual Pstand+

⋅:=  Qair 40.455
ft3

min
=  

vair
Qair

π

4
Dpipe

2
⋅

:=  µg 1812 10 7− poise⋅:=  (Perry et al 1984)  

vorf vair
Dpipe

2

n do
2

⋅
⋅:=  vorf 158.236

ft
s

=  

MWair 29
gm
mol

:=  
Rg 0.0821

L atm⋅

mol K⋅
:=  

ρ air
Pactual MWair⋅

Rg Tair⋅
:=  ρ air 0.28

kg

m3
=  

Reo
do vorf⋅ ρ air⋅

µg
:=  Reo 2.364 103

×=  

The tank superficial velocity vg is: 

vg
Qair

π

4
Dtk

2
⋅

:=  vg 7.306 10 3−
×

ft
s

=  

Since this is less than the upper limit given by Treybal (vg < 0.25 ft/s), it is OK. 

Dring
7
8

Dimp⋅:=  (Optimum is 80% according to Oldshue)  

The center-to-center hole spacing is about: 

nspace Dring
π

n
⋅:=  n space 2.38 in=
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NOMENCLATURE 
gc Gravity conversion 
g Gravity acceleration 
Dtk Tank diameter 
Dimp Impeller diameter 
do Bubble (hole) diameter 
dp Particle diameter 
Dp Pipe diameter 
Fs Torque agitator factor 
h Height 
n Hole number 
N Speed 
Njs Speed for incipient suspension 
P Pressure 
Po Power number 
Pow Power 
Q Flow rate 
Re Reynolds number 
Rg Gas constant 
Sm Mixer Parameter 
T Temperature 
Torq Torque 
v Velocity 
 

Greek 
  
∆ρ Density difference 
ζ Thickness 
λ Clearance 
µ Viscosity 
ν Kinematic viscosity 
ρ Density 
χ Weight ratio 

REFERENCES 
Harnby, N., et al, Mixing in the Process Industries, 2nd ed., Butterworth-Heinemann, 
1992. 
 
Hemond, H.F., Fechner, E.J., Chemical Fate and Transport in the Environment, 
Academic Press, 1993. 
 
Oldshue, J.Y., Fluid Mixing Technology, McGraw-Hill, 1983. 
 
Perry, R.H., Green, D.W., Perry's Chemical Engineers' Handbook, 6th 3ed, 1984. 
 
Treybal, R.E., Mass-Transfer Operations, 3rd ed., McGraw-Hill, 1987 Reissue. 
 
Tyson D.R., EDF-3868, V-Tank Analytical Data: Calculated Averages and Upper 
confidence Limits, Rev. 1, 12/08/03. 
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Appendix A-3 
 

Recirculation Pump Design and Calculations 
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Appendix A-3, Recirculation Pump Design and Calculations 

The criteria is to provide 50 gpm at 60 psi at the pump discharge for using one of the 
pumps for flushing and to provide particle suspension velocity or 100 gpm at recirculation 
head conditions. The first criterion was requested by mechanical to provide V-Tank 
flushing flow and pressure. Recirculation head conditions are the head losses from 
recirculating the liquids back into the tanks. 

g 9.8
m

s2
:=  ρ 1

kg
L

:=  Dtk 10.5ft:=  

H1
60 psi⋅

ρ g⋅
:=  H1 138.4ft=

Check horsepower 

Q1 50
gal
min

:=  mdot_1 Q 1 ρ⋅:= ε eff 0.5:=  

Pow_1
H1− g⋅ mdot_1⋅

εeff
:=  

Pow_1 3.5− hp=

Figure A-3-1 

An examination of vendor pumps indicates that the Gould solids-handling model  works for this (see 
Appendix C). The pump curve in Figure A-3-1 shows that the 7.5 - 10 hp model works. 
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Determine the particle suspension flow and head. 

Assume friction losses for fittings are 50% of pipe friction loss. 

The bulk, superficial velocity in the tank is: 

v
Q
Ac

 Ac
π

4
Dtk

2
⋅:=  A c 86.59 ft2=  

The sedimentation velocity using Stokes Law (de Nevers 1970) is: 

Ss 1.46:=  SL 1:=  d p 144 10 6− m⋅:=  

(The above data were determined in the report body and Appendix A-3) 

µ 0.01 poise⋅:=  ν
µ

ρ
:=  

vs
g

18ν
Ss SL−( )⋅ dp

2
⋅:=  vs 0.017

ft
s

=  

Qsed vs Ac⋅:=  Qsed 662.625
gal
min

=  This is the amount required to suspend 
the mmpd particle. However, target value 
is 100 gpm or larger. 

The flow can be varied to match the 7.5 hp by trial and error. This provides an approximation 
and determines if the minimum can be met. Vary Qtarg until match Pow = 7.5 hp. 

Qtarg 260
gal
min

:=  

Use Bernoulli's equation to size pumps assuming 2 inch pipe Dpipe 2in:=  

The average velocity is Q/A. 
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 v
Qtarg

π

4
Dpipe

2
⋅

:=  v 26.552
ft
s

=  

The following is a modification of Bernoulli's to include pumps (de Nevers, 1970) 

∆
P
ρ

gc⋅ g z⋅+
v2

2
+







 m
Wao

d
d

− Φ−  

Φ 4 f⋅
1.5 L
Dp2

⋅
v 2

2
⋅  εrough 0.0457mm:=

Ren
Dpipe ρ⋅ v⋅

µ
:=  Ren 4.111 105

×=  
εrough
Dpipe

8.996 10 4−
×=  

Finding f for steel pipes: f 0.0045:=

The length, L, is about 20 ft from the tank outlet to the top so the friction is found as: 

Ln 20ft:=  

Φ n 4 f⋅
1.5 Ln
Dpipe

⋅
v 2

2
⋅:=  Φn 35.499

ft lbf⋅

lb
=  

All of the ∆'s except g*z are zero since the flow is from free surface to free surface, the ∆z is 
assumed about 10 ft (use 20). The work is (de Nevers 1970): 

W−
m

Wao
d
d

− ∆z gn⋅ Φ+  ∆z 20ft:=  

Wn g ∆z⋅ Φn+( )−:=  Wn 55.485−
ft lbf⋅

lb
=  

The pressure is: P2 Wn− ρ⋅:= P2 24.054 psi=  

H2
P2
ρ g⋅

:=  H 2 55.485 ft=
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 The horse power is the mass rate times the work: 

mdot2 Qtarg ρ⋅:=  
mdot2 2.17 103

×
lb

min
=  

Pow_2
W n mdot2⋅

εeff
:=  Pow_2 7.297− hp=

It is believed that the pump chosen can deliver 260 gpm but this is off the pump curve 
and can't be guaranteed. However, it can get at least 100 gpm and will likely require 
throttling for process feed. The suspension velocity cannot be matched at this flow so the 
agitator needs to be the primary suspension device. The larger particles will accelerate 
upon exiting the tank bottoms but will slip (i.e. settle faster than the superficial velocity) 
in the tanks but be suspended via agitation. 

NOMENCLATURE 
Ac Tank cross sectional area 
gc Gravity constant 
g Gravity acceleration 
Dtk Tank diameter 
dp Particle diameter 
Dpipe Pipe diameter 
f Friction factor 
H Head 
mdot Mass rate 
P Pressure 
Pow Power 
Q Flow rate 
Re Reynolds number 
S Specific gravity 
v Velocity 
V Volume 
W Work 
Wa.o. Work excluding injection work 
z Elevation 

Greek 
∆ρ Density difference 
εeff Efficiency 
εrough Roughness 
µ Viscosity 
ν Kinematic viscosity 
ρ Density 
Φ Friction work 

REFERENCES 
 
de Nevers, N., Fluid Mechanics, Addison-Wesley, 1970. 
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Appendix B 
 

Corrosion and Materials Charts 
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Table B-1, Ozone Resistance of Selected Materials.a 

Material 
Theoretical rating (Cole Parmer) 

[Ozone Concentrations not specified] 
Practical rating (by Ozone Services) 

[Ozone Concentrations up to 100mg/l]

304 stainless steel B - Good C 

316 stainless steel A - Excellent B 

ABS plastic B - Good D 

Acetal (Delrin®) C - Fair C 

Aluminum B - Good C 

Brass N/A C 

Bronze B - Good C 

Buna N (Nitrile) D - Severe Effect DD 

Carbon graphite N/A  

Carpenter 20 N/A  

Cast iron N/A  

Ceramic Al203 N/A  

Ceramic magnet N/A  

Copper A - Excellent C 

CPVC A - Excellent B 

EPDM A - Excellent B 

Epoxy N/A  

Hastelloy-C® N/A  

Hypalon® A - Excellent C 

Hytrel® C - Fair C 

Kel-F® A - Excellent ? 
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Material 
Theoretical rating (Cole Parmer) 

[Ozone Concentrations not specified] 
Practical rating (by Ozone Services) 

[Ozone Concentrations up to 100mg/l]

LDPE C1 - Fair B 

Natural rubber D - Severe Effect DD 

Neoprene C - Fair B 

NORYL® N/A  

Nylon D - Severe Effect D 

Polycarbonate A1 - Excellent B 

Polypropylene B - Good C 

PPS (Ryton®) N/A  

PTFE (Teflon®) A - Excellent AA 

PVC B - Good C 

PVDF (Kynar®) A - Excellent AA 

Silicone A - Excellent A 

Titanium N/A  

Tygon® N/A  

Viton® A - Excellent A 

a. http://www.o3zone.com/articles/003.htm. 
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Table B-2. Corrosion Resistance. 
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Table B-2. (continued). 

 

Table B-3, Plastic Advantages and Disadvantages. 
Insulation  

Types Advantages Disadvantages 

FEP and PTFE  
(Dupont TM Teflon)  

• Excellent high temperature 
properties. PTFE Teflon is preferred for 
solder applications. FEP is preferred for 
jacket material.   

• Non-flammable   

• Good outgassing characteristics  

• Most flexible of all insulations  

• Good weatherability, resists moisture 
absorption and atomic oxygen erosion  

• Susceptible to cold flow when 
stressed (bent) over tight radius 
or when laced too tightly.   

• Degraded by solar radiation 
above 5 x 105 RADS.   

• FEP has poor cut through 
resistance  

• Heaviest insulation  
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Insulation  
Types Advantages Disadvantages 

ETFE  
(Dupont TM Tefzel)  

• Withstands physical abuse during and 
after installation   

• Good high and low temperature 
properties   

• High flex life   

• Good outgassing characteristics  

• Fair cold flow properties  

• Some ETFE insulations fail 
flammability in a 30% oxygen 
environment   

• Insulation tends to soften at 
high temperature  

• Degraded by gamma radiation 
above 106 RADS  

Crosslinked ETFE  
(Dupont TM Tefzel)  

• Higher strength than normal ETFE   

• Resistant to cold flow and abrasion   

• More resistant to radiation effects  
(to 5 x 107 RADS)    

• Higher maximum temperature than 
normal ETFE   

o Tin Coating = 150°C Max.   

o Silver Coating = 200°C Max.   

• Good outgassing characteristics  

• Some ETFE insulations fail 
flammability in a 30% oxygen 
environment  

• Less flexible than extruded 
ETFE  

• More difficult to work with 
than PTFE Teflon  

Aromatic Polyimide  
(Dupont TM Kapton)  • Lightest weight wire insulation 

material.  Commonly used with FEP  or 
PTFE Teflon to form layered insulation 
tapes   

• Excellent physical thermal and electric 
properties.  Excellent cut-through 
resistance and cold flow resistance   

• Excellent radiation resistance   
(to 5 x 109 RADS)    

• Good outgassing characteristics  

• Inflexibility - difficult to strip.  

• Absorbs moisture.  Degraded 
by atomic oxygen.  Poor 
weatherability  

• Prone to wet-arc and dry-arc 
tracking from abrasions and 
cuts  

• More difficult to flex  

• Not stable to ultraviolet 
radiation  

Crosslinked  
Polyalkene  

• Dual extrusion which is fused by 
sintering.  Combines excellent abrasion 
and cut through resistance of 
Polyvinylidene Fluoride (PVDF, PVF2-
Penwalt Corp. TM Kynar) with 
Polyolefin for greater flexibility and 

• Lower maximum conductor 
temperature rating   

o (135°C for GSFC 
S-311-P-13)   
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Insulation  
Types Advantages Disadvantages 

improved heat resistance.  Polyalkene is 
used mainly as a primary insulation 
under an outer jacket such as 
crosslinked ETFE or crosslinked 
PVDF/PVF2   

• High dielectric constant, used in high 
voltage applications   

• PVDF has good radiation resistance   
(to 108 RADS)    

• More resistant to cold flow  

• Good outgassing characteristics  

o (150°C for MIL-W-
81044)   

• Reduced flexibility  

Silicon Rubber  • Excellent flexibility at low temperatures

• Excellent high voltage corona resistance

• Good radiation resistance (to 108 
RADS)  

• Good cold flow resistance  

• Poor cut through resistance, 
mechanical toughness, and 
fluid resistance  

• Must be processed for 
outgassing control  

• Flammable  

• No standard silicon rubber 
insulated wire or cable   
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Appendix C 
 

Vendor Information 
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Agitator 
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================================================================== 
Maestro V2.02r - (c) 2004 Chemineer Inc. Page 1/1 
================================================================== 
Customer: INEEL 
Reference: Suspension Tank 
User: SARGEANT 
Date/Time: 5/4/2004 9:18:52 AM 
Tank Diameter: 120.00 inch 
Bottom Depth: 20.80 inch 
Liquid Level: 171.19 inch 
Viscosity: 1.00 cP 
SG: 1.00 
RPM: 68.3 
Motor: 5.0 HP 
================================================================== 
49.0SC-3@30.0 
================================================================== 
================================================================== 
Maestro V2.02r - (c) 2004 Chemineer Inc. Page 2/3 
================================================================== 
================================================================== 
Style Nb D (inch) Wb OffBot P/D Angle Pump 
================================================================== 
1 SC-3 3 49.00 11.25 30.00 Down 
================================================================== 
Style Nb Pu(HP) Pu(%) Pg(HP) Pg(%) Pg/Pu 
================================================================== 
1 SC-3 3 3.724 100.00 
0.466 HP/1000-US-Gallon Ungassed 
Maximum Newtonian viscosity before overload 
at given liquid density = 8.262E+02cP 
================================================================== 
Style Nb D/T W/D C/T Re Fr Po Flg 
================================================================== 
SC-3 3 0.408 0.23 0.25 1.763E+06 0.164 0.62 
The Flow is Turbulent 
================================================================== 
================================================================== 
Maestro V2.02r - (c) 2004 Chemineer Inc. Page 1/3 
================================================================== 
Customer: INEEL 
Reference: Suspension Tank 
User: SARGEANT 
Date: 5/4/2004 
Time: 9:18:52 AM 
================================================================== 
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Tank Information 
================================================================== 
Diameter (inch): 120.0 
Straight Side (inch): 163.2 
Bottom Style: ASME 
Bottom Depth (inch): 20.8 
Head Style: Flat 
Head Depth (inch): 0.0 
Liquid Level (inch): 171.19 
Volume (US Gal): 7999.89 
Shaft Diameter (inch): 3.00 
Shaft Off Bottom (inch): 30.0 
Number Of Baffles: 4 
Baffle Style: Regular Flat 
Baffle Width (inch): 10.0 
Baffle Off Wall (inch): 1.67 
Baffle Off Bottom (inch): 5.0 
Baffle Off Top (inch): 0 
================================================================== 
Process Information 
================================================================== 
Specific Gravity: 1.0 
Viscosity at 1/s (cP): 1.0 
Flow Index n: 1.0 
Yield Stress (Dyne/cm^2): 0.000E+00 
Newtonian Fluid 
Temperature (°F): 160.0 
Absolute Pressure (psi): 14.5 
================================================================== 
Drive Information 
================================================================== 
Motor (HP): 5.00 
Motor (kW): 3.73 
Max Motor Load (%): 85.0 
Actual Motor Load (%): 74.5 
Speed (rpm): 68.3 
Speed (1/s): 1.1383 
Seal Type: None (Open Tank, HTD/HTP) 
Wetted Parts Material: Carbon Steel 
Mounting Height (inch): 8.0 
================================================================== 
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================================================================== 
Maestro V2.02r - (c) 2004 Chemineer Inc. Page 3/3 
================================================================== 
Liquid Blending Chemscale: 5-6 
================================================================== 
BLEND TIME 
Addition Specific Gravity: 
Addition Viscosity (cP\mPas): 
Blend time - No Significant Effect Of Addition 
================================================================== 
Uniformity Hours Minutes Seconds 
80 % 0 0 22 
85 % 0 0 26 
90 % 0 0 31 
95 % 0 0 41 
98 % 0 0 54 
99 % 0 1 3 
99.9 % 0 1 35 
================================================================== 
Suspension - Uniform Suspension 
================================================================== 
Solids Specific Gravity: 1.4 
Particle Diameter (mm): 0.144 
Particle Free Set. Vel. (ft/min): 0.84 
Hindered Set. Vel. (ft/min): 0.73 
Weight Percent: 8.00 
Volume Percent: 5.85 
Slurry Specific Gravity: 1.02 
RPMjs: 16.9 
Njs (1/s): 0.28 
RPM/RPMjs: 4.05 
Unsuspended (%): 0 % 
Cloud Height: 95%-100% 
Main Impeller: 1 - SC-3 
Scale-up based on particle free settling velocity. 
================================================================== 
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